Objective-To determine whether a transtheoretical model-tailored expert system intervention increases dual method contraceptive use compared to a non-tailored educational intervention.
INTRODUCTION
Unintended pregnancy, sexually transmitted infections (STIs), and the adverse health consequences of STIs are widespread public health problems in the United States and worldwide. An estimated 79 million pregnancies worldwide are unintended each year. 1 In 2000, in the United States, there were 3.2 million unintended pregnancies 2 and almost half of all pregnancies in the U.S. were unintended. 3 Additionally, in 2005 there were over 976,000 new cases of Chlamydia trachomatis infection -a 5.1% increase compared to 2004. The CDC also reported the first increase in reported cases of Neisseria gonorrhoeae infection since 1999 (339,593 cases). 4 Encouraging the correct and consistent use of effective contraceptive methods, including barrier methods to prevent STIs, is one approach that could aid in the prevention of both unintended pregnancy and STIs. Sterilization and oral contraceptives have been the leading methods of contraception in the U.S. since 1982 and are highly effective at preventing pregnancy. 5 Unfortunately, contraceptive methods with the highest efficacy for prevention of pregnancy provide no protection against STIs. Conversely, barrier contraceptive methods, when used consistently and correctly, can provide effective prevention of STIs but are associated with relatively higher pregnancy rates than other contraceptive methods.
Project PROTECT was a NIH-funded, randomized trial of two computer-based educational programs to encourage the use of dual methods of contraception for STI and pregnancy prevention. The intervention was a computer-assisted, tailored, intervention based on the transtheoretical (TTM) model of behavior change (described below). This intervention was compared to an enhanced standard care control that provided computer-based, non-tailored information and advice regarding the use of contraceptive methods. The hypotheses of this trial were: 1) the intervention will result in a greater increase in dual contraceptive use than the control; and 2) the intervention will result in greater protection against incident or recurrent cases of STIs and unintended pregnancies.
MATERIALS AND METHODS
A complete and detailed report of the methods of Project PROTECT is described elsewhere; 6 a summary of these methods is provided below. Institutional Review Board approval was obtained before the initiation of recruitment. Between October 1999 and October 2003, we screened and recruited 542 participants. To be eligible for the trial, women had to be Englishspeaking, between the ages of 13 and 35, sexually active with a male partner in the past 6 months and at high risk for unintended pregnancy or STI. Because age less than 25 years constitutes high risk for STIs, 7 all sexually active women between the ages of 13 and 24 were eligible. Women age 25 and older were determined to be at high-risk if their history included any of the following: unintended pregnancy; history of an STI; inconsistent use of contraception; or other factors felt to place a patient at above average risk for unintended pregnancy or STI. Since a primary outcome of this study was unintended pregnancy, women were only included if they expressed the desire to avoid pregnancy for 24 months after randomization.
Participants were assigned by a computer-generated random sequence into the intervention or control groups. Randomization was stratified by study site and by baseline contraceptive group in an attempt to balance each of the site/group strata. Random assignment was separated from the executor of assignment. Although true masking was difficult in this setting, every effort was made to mask the follow-up evaluators to the treatment allocation.
INTERVENTION and CONTROL
Participants were randomized to one of two groups: the individualized intervention or the enhanced standard care condition (control). Both the intervention and control were computerdelivered, but required different levels of participation from the participants. The goal of the intervention was to encourage dual contraceptive method use. This computer program asked about current contraceptive use, and plans for future contraceptive use as well as demographic, reproductive, sexual and STI history, substance abuse, domestic violence, and levels of stress.
TTM-Tailored Expert System (Intervention)-The transtheoretical model (TTM) is a multivariable behavioral model that has been utilized in numerous tailored health promotion interventions 6,8 . In this study, the model conceptualizes a progression through stages of change toward the target behavior of adopting consistent dual condom and contraceptive use: precontemplation, contemplation, preparation, action and maintenance. The multimedia expert system administered a series of questions as on-screen text and by voice (via headset) and included pictures and music. Participants responded to the on-screen questionnaire using the mouse to click responses.
Expert system treatment feedback was tailored to the participant's own readiness to change her condom and contraceptive behaviors. The intervention was designed to accelerate stage movement toward the stages Action and Maintenance for dual method use, as well as to facilitate effective recycling through the stages as participants relapsed and progressed 6 . The feedback was written at a 6th grade reading level to ensure comprehension. Participants in the intervention group were scheduled for three different intervention sessions over a period of eighty days (baseline, one month, and two months).
Enhanced Standard Care (Control)-Participants in the enhanced standard care group completed one computer session at baseline consisting of standard contraceptive and STI prevention information. Participants in the control group input their responses to the same onscreen questionnaire as women in the treatment group. The participant indicated on the computer which methods they would like to learn more about, and the computer provided information about those contraceptive methods. Information presented in this on-screen feedback included: the benefits of dual method use and the benefits of each individual method, risk appraisal for STIs and human immunodeficiency virus (HIV), places to obtain condoms, tips for using condoms correctly, risks and benefits of hormonal contraception, side effect information and ways of dealing with side effects, and effectiveness data for various contraceptive methods. The control group feedback was not individualized or tailored.
Upon completion of the computer program, all participants received a printed feedback report. The intervention group received tailored feedback on the computer, while the control received non-tailored standard care information and advice. All participants were given a packet of information which contained standard information on dual methods and a sample condom.
PROCEDURES
At baseline, a gynecological and contraceptive history was taken and a pelvic examination was performed. A saline preparation of vaginal discharge was done to evaluate for trichomoniasis and bacterial vaginosis. In order to increase the sensitivity for the diagnosis of trichomoniasis, we first tested vaginal pH. If the pH was above 4.5 and no trichomonads were seen on microscopic evaluation, an InPouch (Biomed Diagnostics, San Jose, CA) trichomonas culture was performed. Strand-based testing (Applified DNA Assay, Becton-Dickenson, Spanks, MD) was completed for C. trachomatis and N. gonorrhoeae, and serologic testing was performed for syphilis and HIV. A pelvic examination was performed to evaluate for pelvic tenderness; CDC minimum and supportive criteria were assessed to diagnose acute pelvic inflammatory disease (PID). 9
Six and eighteen months after the computer intervention phase, the participants were contacted by telephone and asked questions about their sexual history, current and planned contraceptive use, and attitudes regarding dual contraceptive use. This survey also gathered information regarding any clinical outcomes they may have experienced. At 12 and 24 months after baseline, participants were asked to return for follow-up examinations and for completion of follow-up and background surveys. At these visits, testing for trichomoniasis, N. gonorrhoeae, and C. trachomatis, serologic test for syphilis (RPR) and a sensitive urine pregnancy test were performed. Patients were examined for signs of PID and genital herpes infection. Participants were instructed to call the study team at any time if there was any suspicion of pregnancy an STI, and were invited to the study center for an interim visit with examination and testing.
The primary behavioral outcome was self-reported use of dual methods of contraception: 1) use of hormonal contraception plus a barrier method; 2) male condoms plus female condoms; 3) condoms plus spermicide; or 4) intrauterine device or sterilization plus a barrier method. The primary biological outcome was an incident or recurrent STI and/or an unintended pregnancy.
Sample size projections were based on detection two primary endpoints: 1) a two-fold increase in dual method use from approximately 15% to 30% (in the intervention compared to control), and 2) a 50% difference in incidence of an STI or unintended pregnancy (RR = 0.5) in the intervention group compared to control). We set the two-sided hypothesis tests at a type I error rate of 2.5% and a type II error rate if 10%. We assumed that the baseline event rate for an incident unintended pregnancy or STI was at least 30% over 12 months, that the intervention would reduce these events to 15% or less (RR = 0.5), and the attrition rate would be less than 25% over two years. Under this scenario, at least 250 participants were needed on each group (500 total).
We estimated the time to event ('survival') curve with the Kaplan Meier nonparametric estimator using the date on which an outcome was first recorded, e.g. date of clinic visit for an STI. Event rates were compared using the log rank statistic. All comparisons among the primary outcomes were made according to the intention-to-treat principle. Additionally, we used multivariable Cox proportional hazard models to adjust for covariates. Slight imbalances in study groups remaining after randomization were accounted for in our models by using a propensity score. The propensity score was estimated using logistic regression with treatment group as the outcome and included multiple factors related to risk for pregnancy and STI, including sexual behavior, sexual history, smoking, and alcohol and substance use.
RESULTS
Of the 1,112 women screened for Project PROTECT, 916 were eligible (See Figure 1) . We collected data on age, race, unintended pregnancy and STI history, and contraceptive use on all patients screened. The characteristics of the patients randomized (N=542) were similar to the patients screened eligible, but not enrolled (See Table 1 ). However, patients enrolled were more likely to be non-Hispanic Black (26% v. 19%) and somewhat less likely to use hormonal contraceptive methods (33% v. 38%).
The demographic, reproductive, and historical data collected from the study population at baseline stratified by intervention group is shown in Table 1 . The median age was 22 years, 26% were black, and 17% were Hispanic. Over 90% were single, 25% had less than a high school education, and 48% were smokers. In terms of sexual risk factors, 49% had an unintended pregnancy, 47% had a history of a STI, and the majority had 6 or more lifetime sexual partners. Over one-third reported no contraceptive use at baseline.
Of the eligible women, 272 were randomized to the intervention group and 270 were randomized to the control group. Table 1 shows that randomization achieved similar characteristics in the two groups, yet, there were some slight imbalances. Participants in the control group were more likely to have less than a high school education (29% v. 21%, P=0.03), a history of a STI (51% v. 43%, P=0.07), and more likely to have two or more sexual partners in the past month (20% v. 11%, P=0.02).
The behavioral and biological outcomes are presented in Table 2 and illustrated in Figure 2 and Figure 3 . Participants randomized to the intervention reported faster initiation of dual method use during the follow-up period (unadjusted hazard rate ratio (HRR) = 1.38, 95% confidence interval (CI) 1.00, 1.89). This effect was even more pronounced when we adjusted for baseline imbalances using the propensity score (HRR adj = 1.70, 95% CI 1.09, 2.66).
Reported consistent condom use was almost 30% higher in the intervention group compared to controls, but this difference was not statistically significant (HRR adj = 1.26, 95% CI 0.89, 1.79). As illustrated in Figure 3 and detailed in Table 2 , there were no differences between the two groups for unintended pregnancy or incident STI. The effect of reported dual method use on more than one follow-up was not associated with time to first outcome (STI or pregnancy; HRR adj = 0.66, 95% CI 0.37, 1.18). However, women who reported dual method use on more than one follow-up questionnaire had a significantly reduced risk of pregnancy alone (HRR adj = 0.36, 95% CI 0.15, 0.91).
We evaluated correlates of reported dual method use (Table 3) as well as the biological outcomes (Table 4) . Women with less than a high school education were slower to report the initiation of dual method use, while women using either hormonal contraceptive or male condoms at baseline were faster. There was no association of age, race/ethnicity, history of unintended pregnancy and number of sexual partners with initiation of dual method use. Common risk factors for STIs and unintended pregnancy emerged from this analysis (Table  4) . Younger age, black race, lower education, history of STI and/or unintended pregnancy, and multiple sexual partners in the past month were all associated with an increase in the biological outcomes of STI or unintended pregnancy. Use of hormonal contraceptives and no recent sexual partner were associated with fewer incident STIs or unintended pregnancies. When we evaluated factors associated with STIs and unintended pregnancy separately, correlates for the two outcomes were different. Use of hormonal contraception was found to be highly effective at preventing unintended pregnancy (HR adj = 0.60, 95% CI 0.40, 0.90), but was not effective at preventing STIs (HR adj = 0.70, 95% CI 0.44, 1.12). History of STI was associated with an incident STI (HR adj = 2.99, 95% CI 1.87, 4.80) but was not associated with unintended pregnancy (HR adj = 1.38, 95% CI 0.96, 1.97).
COMMENT
The intervention based on the transtheoretical model of behavior change resulted in an increase in our primary behavioral outcome, self-reported dual method contraceptive use, compared to the control. However, there were no differences in the number of incident STIs or unintended pregnancies. It is possible that the intervention was more effective at the reported initiation of dual method use, but the duration of use and adherence were not sustained long enough to translate into a reduction in STIs and unintended pregnancy. This concept is supported by our analysis evaluating repeated reports of dual method use; women reporting dual method use at more than one follow-up visit were at reduced risk of incident STIs or unintended pregnancies. We found that lower educational level, African-American race, history of STI or unintended pregnancy, and two or more partners in the past 30 days were correlated with our biological outcomes of unintended pregnancy and incident STI. Having no partners in the past 30 days and the use of hormonal contraception were protective. Risk factors for STIs differed from risk factors for unintended pregnancy. As expected, we found that the use of hormonal contraception was effective at preventing unintended pregnancy, but was not effective at preventing STIs.
The concept of "dual methods" of contraception involves the use of both a method that is highly effective at pregnancy prevention and a method that is highly effective at prevention of STIs. The most common combination of methods is pills and condoms. 10 Existing data indicate that the use of dual methods is not the norm. The National Survey on Family Growth (NSFG) found that only 2.6% of the 38,302 women in the 1995 sample were using the oral contraceptive pill and the condom together for protection. 11 The Youth Risk Behavior Survey found that only 6.6% of women between the ages of 14 and 22 were using dual methods of contraception. 12 Although 4.1% of all women were using both the male condom and oral contraceptives, the prevalence was highest among younger women (11-15% for those under 25 years). 13
Data from the NSFG evaluating changes in contraceptive use between 1995 and 2002 are encouraging. According to Santelli and colleagues, 7.5% of women in the 15-19 year age group used a hormonal method and condom in 1995. This percentage increased to 17.9% in 2002. 14 The use of two or more methods increased from 12% in 1995 to 33% in 2002 among 15-17 year-olds. An increase was also noted in 18-19 year-olds with 11% using two or more methods in 1995 and 22% in 2002. 10 The authors conclude that most of the decline in adolescent pregnancy is attributable to improved contraceptive use. 14 Whether increased dual method use will result in a population impact in terms of STI prevention remains to be seen.
Previous studies have found tailored expert systems comparable to this one to increase condom use compared to generic standard care interventions in adolescent females in family planning clinic settings 15 and in adult males and females recruited from community-based settings. 16 Both studies relied on self-reported consistent condom use as primary outcomes. These study results suggest that self-reported contraceptive behaviors and incident STIs or unintended pregnancies may be less closely related than hypothesized.
There are several alternative explanations for our findings. It is possible that increased patient contact in the intervention group was the primary reason for the increase in reported dual method use. The intervention had three monthly computer-based sessions, while the control had only a single computer-based session. This might result in a true increased rate of dual method use or a reporting bias: participants receiving the message that dual contraceptive method use is the preferred behavior may be more likely to report the behavior.
Our study has a number of strengths and limitations that should be considered. As a randomized trial, we can assess the effectiveness of our intervention in a high-risk group of women. We are able to determine incident STIs and unplanned pregnancy, as oppose to cross-sectional and retrospective studies that cannot easily address temporal sequence. One limitation of our report is that despite our a priori sample size calculation and recruiting over 500 women, our power to address some outcomes is limited. Approximately 28-31% of participants reported male condom use pre-intervention. This increased to over 40% post-intervention in both groups. Thus, our power to assess differences is limited by the increased condom use in our control arm.
In summary, STIs and unintended pregnancy are a tremendous burden on young women and the healthcare system. While we did not see a sustained biological effect of dual method use in our trial, the intervention resulted in more women reporting initiation of dual contraceptive method use. The Transtheoretical model may be a useful used in conjunction with computerbased technology to assist young women in the progression through the stages of behavior change. Future trials should focus on methods to encourage consistent use of dual methods to prevent both unintended pregnancy and STIs. Days to initiation of dual method use by treatment group 
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